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NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT

Identification No.: NH00136

Name of Dam: Drown's Dam

Town: Nottingham

County and State: Rockingham County, New Hampshire
Stream: Tributary of Bean River

Date of Inspection: 30 May 1978

BRIEF ASSESSMENT

Drown's Dam is 18 feet high, averages 24 feet in width,

and is 235 feet long. It is an earthen embankment contained
between two vertical dry masonry (stone) walls. A concrete
facing was placed on the upstream face in three different
yvears: 1946, 1964, and 1972, The dam has four sections

of spillway, two uncontrolled sections, 21 feet long, placed
on either side of a 4-foot wide stoplog spillway, and a
50-foot wide emergency, grass-—-covered spillway in the left
(west} abutment. Drown's Dbam, bolloff Dam, and Gove Dike
impound Pawtuckaway Pond. The pond is used now for recrea-
tional purposes, is 3 miles long, and has a surface area of
about 900 acres. Maximum storage is 11,700 acre-feet.

The dam, at least 136 years old, is in fair condition.

The impounding system has an inadequate spillway discharge
capacity. Seepage at the downstream tce and leakage through
a plugged penstock have a discharge of about 1 cfs.

The spillway capacity at maximum pool is 970 cfs or about
9 percent of the test flood discharge. The test flood would
overtop the lowest point of the crest by 1.7 feet.

The owner, New Hampshire Water Rescurces Board (NHWRB),
should, within two years, implement the results, after
evaluation of the following: evaluate further all factors
relating to overtopping and to the inadequacy ¢f the spillways
of the impoundment system, and design or specify remedial
measures for the seepages and leakage. Within one year, the
NHWRB should implement the following operation and maintenance
measures: monitor seepages weekly, repair concrete cracks

and spalls, c¢lear brush, trees, and debris from the downstream
channel, and establish a surveillance and warning program to

be exercised during floodjézy// B (;r

Warren A, Guinan
Project Manager
N.H. P.E. No. 2339




PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase I Investigations. Copies of these guidelines may be
obtained from the QOffice of Chief of Engineers {(OCE},
Washington, D.C. 20314. The purpose of a Phase I Investi-
gation is to identify expeditiocusly those dams which may
pose hazards to human life cor property. The assessment of
the general condition of the dam is based upon available
data and visual inspections. PDetailed investigation, and
analyses involving topographic mapping, subsurface investi-
gations, testing, and detailed computational evaluations
are beyond the scope of a Phase I investigation; however,
the investigation is intended to identify any need for such
studies,

In reviewing this report, it should be realized that the
repcrted condition of the dam is based on observations of
field conditions at the time of inspecticn along with data
available to the inspection team. In cases where the
reservoir was lowered or drained prior to inspection, such
action, while improving the stability and safety of the
dam, removes the normal load on the structure and may
obscure certain conditions which might otherwise be
detectable if inspected under the normal operating environ-

ment of the structure.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal and external
conditions, and is evolutionary in nature. It would be
incorrect to assume that the present condition of the dam
will continue to represent the condition of the dam at

some point in the future. Only through continued care and
inspection can there be any chance that unsafe conditions

be detected.
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Figure 1 - Overview of upstream face of
Drown's Dam.
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NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT
DROWN'S DAM

SECTION 1
PROJECT INFORMATION

1.1 General

a. Authority. Public Law 92-367, August 8, 1972,
authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a National Program of Dam Inspec-—
tion throughout the United States. The New England
Division of the Corps of Engineers has been assigned the
responsibility of supervising the inspection of dams within
the New England Region. Anderson-Nichols & Company, Inc.
has been retained by the New England Division to inspect
and report on selected dams in the State of New Hampshire.
Authorization and notice to proceed were issued to Anderson-
Nichols & Company, Inc. under a letter of May 3, 1978 from
Ralph T. Garver, Colonel, Corps of Engineers. Contract No.
DACW33-78-C-0329 has been assigned by the Corps of Engineers
for this work.

b. Purpose.

(1) To perform technical inspection and evaluation of
non-Federal dams to identify conditions which threaten the
public safety and thus permit correcticon in a timely manner
by non-Federal interests.

(2) To encourage and prepare the states to initiate
quickly effective dam safety programs for non-Federal dams.

(3) To update, verify and complete the National
Inventory of Dams.

1.2 Description of Project

a. Location. Drown's Dam is located in the Town of
Nottingham, New Hampshire. The dam spans an unnamed tribu-
tary approximately 1.6 miles upstream of its confluence
with the Bean River. The Bean River then flows another
0.5 mile to its confluence with the North River. The
North River continues for another 8 miles to its confluence
with the Lamprey River, a major tributary in the Piscataqua
River Basin. Drown's Dam, together with bDolloff Dam on the
Pawtuckaway River and Gove Dike, form the structural barrier
system that impounds Pawtuckway Pond. Drown's Dam is shown
on the U.S5.G.S. Quadrangle, Mt. Pawtuckaway, New Hampshire,
with cocrdinates approximately at N 43° 06' 30", w 71° 07' 34",
Rockingham County, New Hampshire. (See Location Map page iv.)



b. Description of Dam and Appurtenances. Drown's
Dam is an earthen enbankment contained between two
vertical dry masonry walls. The upstream wall has a
concrete facing that has been placed in three different
years: 1946, 1964, and 1972. The dam is about 235 feet
long, 18 feet high, and with a 24-foot topwidth. The
dam contains four sections of spillway: (1) two sections
of ungated, concrete overflow spillway totaling 42 feet
- on the east side that is adjacent to the right abutment
(facing downstream), (2) a 4-foot wide section of stoplog
controlled spillway that is centered between the overflow
spillway sections with the stoplog-notch invert about 9
feet below the overflow spillway crest, and (3) a section
of uncontrolled vegetated emergency spillway over the left
abutment about 50 feet in length. (See plans and sketches
in Appendix B.) '

Two low dikes, have been built: one about 75 feet long
situated»250'&eet west of the dam and one about 85 feet

long situated 150 feet east of the dam. Their crest eleva-
tions are about cone-half foot above the_low point in the
emergency spillway. They effectively kit off outflow around
the ends of the dam. ‘

¢. Size Classification. Interme¥iate (Hydraulic
height - 18 feet, Storage - 11,700 acré-feet) based on
storage (21,000 to <50,000 acre-feet) as given in OCE
Recommended Guidelines for Safety Inspection of Dams.

d. Hazard Classification. Significant hazard. A
major breach of the dam would result in the loss of less
than 10 lives and appreciable property damage.

e. Ownership. The present structure, along with
Dolloff Dam and Gove Dike, are reported to have been built
sometime between the years 1839 and 1842 by the Newmarket
Manufacturing Company for the purpose of impounding Pawtucka-
way Pond for use in their milling operations. Ownership
passed on to the Lamprey River Improvement Companhy, a
subsidiary of New Hampshire Gas and Electric Company,
sometime prior to 1917. The New Hampshire Water Resources
Board (NHWRB) purchased the three structures for one dollar
in 1955 from the New Hampshire Gas and Electric Company.

f. Operator. Mr. Vernon K. Knowlton, Chief Engineer,
New Hampshire Water Resources Board, 37 Pleasant Street,
Concord, New Hampshire 03301, is responsible for the
operation of the dams on Pawtuckway Pond. Phone (603)
271-3406.



g. Purpose of Dam. The dike and dams impounding
Pawtuckaway Pond were originally constructed to provide
greater industrial storage for the Newmarket Manufacturing
Company located in Newmarket, New Hampshire. Under the
ownership of the Lamprey River Improvement Company, Pawtucka-
way Pond was utilized primarily as upstream storage for
generation of hydroelectricity for the region, with some
recreational usage. Pawtuckaway Pond is presently being
used for recreational purposes only.

h. Design and Construction History. Little information
was disclosed concerning the original design and construction
of the dam. It is believed that the structure is basically
an earth-fill dam faced with vertical dry masonry walls.

In October of 1939, the original wooden spillway was replaced
by a concrete weir. The upstream side near the western
abutment of the dam was refaced with concrete in 1946. The
concrete spillway built in 1939 was lowered to its present
elevation in 1956.

Drown's Dam was rehabilitated in 1963 and 1964. Work
included concrete refacing of the upstream wall, reconstruc-
tion of the spillway with the addition of the stoplog section,
and fabrication of the steel walkway over the spillway. A
portion of the upstream wall was faced with concrete in 1972,

i. Normal Operational Procedures. Pawtuckaway Pond 1is
controlled by discharge through Dolloff and Drown's Dam.
Normal pool elevation is 250 feet + MSL. Usually, pond level
is maintained through manipulation of the stoplog level at
Dolloff Dam, with all the stoplogs in position at Drown's
Dam. No formal operation and maintenance procedures were
disclosed; however, the dams are visited on a weekly basis
by the NHWRE,

1.3 Pertinent Data

a. Drainage Area. The drainage area consists of
20.66 square miles (13,225 acres) of predominantly wooded
terrain.

b. Discharge at Damsite.

{1) Outlet works (conduits) - none
(2) Maximum known flood at damsite is unknown.

(3) Ungated spillway capacity at maximum pool elevation-
520 c¢fs @ elev. 252.7' MSL*

*Maximum pool elevation based on Dolloff Dam.

3



(4) Stoplog spillway capacity at recreational pool
elevation (250 MSL) is estimated to be 300 cfs assuming
removal of all stoplogs.

(5) Stoplog capacity at maximum pool elevation -

450 cfs @ elev. 252.7' MSL*
(6) Total spillway capacity at maximum pool elevation -
970 cfs @ elev. 252.7' MSL*

c¢. Elevation. (ft. above MSIL based on elevation of 250
shown on U.5.G.S5. Quadrangle sheet and assumed tc be spillway
elevation at Dolloff Dam, Pawtuckaway Pond ~ see Dolloff pam
Inspection Report).

(1) Top of Dam - 254.9

(2) Maximum pool ~ design surcharge - unknown

(3) Full f£lood control pool - not applicable

(4) Recreation pool - 250

{5) Séillway crest (gated) -~ 241 (assuming all stoplogs
removed)

(6) Upstream portal invert diversion tunnel - none

(7) Streambed at centerline of dam - 240 - Downstream
at toe of stoplog spillway as measured at time of inspection.

{(8) Maximum tailwater - unknown

d. Reservoir (miles)

(1) Length of maximum pool -~ 3

(2) Length of recreation pool - 3

(3) Length of flood control pool - not applicable
e. Storage (acre-feet)

(1) Recreation pool - 11,500

(2 Flood control‘pool - not applicable

(3) Design surcharge - unknqwn

(4) Top of dam - 11,700 (storage based on Dolloff Dam)
*Maximum pool elevation based on Dolloff Dam.

4



£f. Reservoir Surface {acres)

(L) Top of dam - 1125

(2) Maximum pool — 985

{3) Flood control pool - not applicable
(d) Recreation pool - 903

(5) Spillway crest - 422

g. Dam

(1} Type - Earthen embankment between vertical dry
masonry walls, upstream wall is concrete faced.

(2) Length - 235'

(3) Height - 18' (structural height)
(4) Top Width ~ 24'

{(5) S&Side Slopes - Vertical

{6) Z2oning - unknown

(7) Impefvious core — unknown

(8) Cutoff - unknown

(9) Grout curtain - unknown (foundation and spot
grouting done in past)

h. Diversion and Regulating Tunnel - not applicable

i. Spillway
(1) Type - ungated and stoplog
(2) Length of weir - 42' (ungated); 4' (stoplog)

(3} Crest elevation - 250' MSL* (ungated); 241 ' MSL
(all stoplogs removed)

(4) Gates - none
{5) U/5 Channel - Pawtuckaway Pond
(6) D/S Channel - about 50 feet wide, immediately
*Based on elevation shown on U.S.G.S. Quadrangle sheet and assumed

to be spillway elevation.
5



downstream appears to be bedrock, further downstream bottom
covered by silt, sand, gravel, cobbles, and boulders; brush
and trees overhang channel with fallen logs in channel.

(7} General - four-foot wide steel grate access bridge
over spilliway.

j. Regulating Outlets - The stoplog section is centered
between the ungated spillways. It consists of a 6-inch slab
with 4-inch stopleg guides. The stoplogs are 4" x 8" timbers,
four feet long. The stoplog slot is covered by a 9-inch
concrete slab at the same elevation as the iron-decked bridge
over the ungated spillway section.




SECTION 2
ENGINEERING DATA

2.1 Design

No original design data were disclosed for Drown's Dam.

2.2 Construction

A report prepared by H.F. Dunham for the Lamprey River
Improvement Company, dated December 5, 1918 was the earliest
investigation found. Dunham's report contains a sketch of

a cross section copied from a report by W.M. Oliver, C.E.,

to Newmarket Manufacturing Co., dated 1889. (See Appendix B.)
The visual inspection is generally consistent with the 1889
sketch for the exposed portions of the dam, except as modi-
fied by the addition of the concrete facing and spillways.

2.3 Operation

No engineering operational data were disclosed.

2.4 Evaluation

a. Availability. Very little engineering data were
available for Drown's Dam. A search of files of the NHWRB
disclosed only a limited amount of recorded information.

b. Adequacy. Because of the limited amount of
detailed data available the final assessments and recommenda-
tions of this investigation are based on visual inspection
and hydrologic and hydraulic calculations.

¢. Validity. The visual inspection is generally
consistent with the 1889 sketch for the exposed portions
of the dam. The plans found for the NHWRB rehabilitation
are in general conformity with the structure as seen in the
visual inspection. {For details, see Section 3 & 6 and

Appendix B.)



SECTION 3
VISUAL INSPECTION

3.1 Findings

a. General. Drown's Dam is one of three major
structures. (the others being Dolloff Dam and Gove Dike) on
Pawtuckaway Pond. The pond level is controlled by both
Drown's Dam and Dolloff Dam; Gove Dike has no control or
outlet structure.

The watershed above the pond is heavily wooded. Numerous
cottages and homes have been built on the southeast portlon
of the perimeter of the pond.

b. Dam. The dam consists of an earthen embankment,
with a vertical dry masonry wall on the downstream side and
a dry masonry wall faced with concrete on the upstream side.
{(See Appendix C -~ Figures 2, 3, and 4.) The dam is about
235 feet long, 18 feet high, 24 feet wide at the crest.

The crest of the dam is vegetated. '

The top of the concrete facing on the upstream side was
about 5 feet above pond level at the time of inspection,
and the upstream water depth at the dam was about 10 feet.
Five vertical hairline cracks were noted in the concrete
facing with a maximum width of about 1/10 inch and spaced
about 20 feet apart.

At the left end of the dam is a vegetated emergency spillway.
(See Appendix C - Figure 5.)

Two tree stumps (6 to 8 inches in diameter) are visible in
the face near the top of the downstream dry masonry wall.

No evidence of significant lateral or vertical movement of
the dam was observed.

Near the west end of the dam a penstock formerly came out
near the bottom cof the downstream dry masonry wall. The
penstock has been cut off at the face of the wall and the
pipe through the dam plugged with stones and concrete.
(See Appendix C ~ Figure 6.)

Seepage of about 1 cfs was observed near the downstream toe
at the left end of the dam. A small part of this seepage



comes out of the penstock plug. Most of the seepage, however,
appears to be coming through or under the dam. (See Appendix
C - Figures 6 and 7.)

c¢. Appurtenant Structures.

(1) The dikes east and west of the dam are both about
3 feet high, and the water in the reservoir was some distance
from both dikes at the time of the inspection. (See Appendix
C - Figures 8 and 9.) The crest of both dikes was about
3% feet above the pond level at the time of the inspection.
These two dikes effectively cut off outflow around both ends
of the damn.

(2) The spillway consists of two 21-feet long fixed-
level concrete overflow sections and a 4-foot wide stoplog
section. (See Appendix C - Figure 10.) In general, the
concrete is in good condition. Surface erosion of concrete
is limited to areas in contact with water and consists
primarily of the loss of surface laitance. Two hairline
cracks and one area of minor spalling were observed on the
downstream face of the buttress walls at the stoplog spillway,
just above the level of the concrete overflow-spillway aprcn.
The spalling appears to be due to mechanical damage rather
than weathering. The slots for the stoplogs are in good
condition, but the stoplogs could not be inspected because
water was discharging over the top of the stoplogs.

(3) A four-foot wide steel service bridge, with a
steel-grating floor and handrails crosses the spillway.
A1l of the steel shows some evidence of rusting.

d. Reservoir Area. The reservoir slopes are generally
covered with trees and brush. (See Appendix C - Figure 11.)
A beach is located a short distance upstream from the east
abutment. Unauthorized automobiles were parked in the vicinity
of the east abutment, Numerous cottages and homes have been
built on the southeast portion of the perimeter of the
reservoir.

e. Downstream Channel. The channel immediately down-
stream of the spillway appears to be in bedrock. Some brush
overhangs the channel, and trees and brush are growing
adjacent to the channel. (See Appendix C - Figure 12.)
Three logs, which appear to have come over the spillway,
were lying immediately downstream of the spillway; two
were in the downstream channel, and one was on the spillway
apron. (See Appendix C - Figure 10.) An unpaved access
road adjacent to the channel leads up to the east abutment.
A few houses have been built adjacent to the stream about




one-half mile downstream of the dam. The Village of
Nottingham is located about three miles downstream of
the dam on the banks of the North River,

3.2 EBvaluation

The observed condition of the dam is fair. The potential
problems observed during the visual inspection are:

(a) Seepagé at the toe of the dam, especially in
the vicinity of the plugged opening of the former penstock
through the dam,

(b) 1leakage through the penstock piug itself,
(¢} cracks in the concrete upstream facing,
{d) rusting of the service bridge,

{e) cracks in the concrete buttress walls at the
stoplog spillway,

(f) brush and trees overhanging the discharge channel
downstream of the dam, and

(g) 'preseﬁce.of logs in the‘discharge channel downstream
of the spillway. ‘

The two stumps at the top of the downstream masonry wall are
not considered problems because they are small and higher
than the normal pool elevation.

10



SECTION 4
QOPERATICNAL PROCEDURES

4,1 Procedures

No written procedures were disclosed. The level of
Pawtuckaway Pond is controlled by a discharge through Dolloff
and Drown's Dam. Gove Dike, the third impounding structure,
has no outlet facilities. The NHWRB has operated the pond

since 1955.

Drown's Dam usually has all its stoplogs in position, allowing
for control of the water level through Dolloff Dam. The

pond elevation during the recreational season is maintained
reasonably constant at 250 feet + MSL. In the fall, the

level is drawn down, allowing abutters to make improvements

to their shoreline and providing some storage for spring
runoff.

4.2 Maintenance of Dam

Drown's Dam is maintained by the NHWRB.

4,3 Maintenance of Operating Facilities

Throughout the year, the dam is visited by the NHWRB on a
weekly basis. During these visits grass and brush are
trimmed, and debris, if any, is removed.

4.4 Description of Any Warning Systems in Effect

No written warning system was disclosed for Drown's Dam.

4.5 Evaluation

The operation and maintenance procedures for Drown's Dam, con-
sisting of a weekly program of inspection, should insure

that all problems encountered can be remedied within a
reasonable period of time. The NHWRB should alsoc establish

a warning program tc be exercised during floods.

11



SECTION 5
HYDROLOGY AND HYDRAULIC ANALYSIS

5.1 Evaluation of Features

a. Design Data. No original hydrologic and hydraulic
design data (1839-1842) were disclosed for the structures
impounding Pawtuckaway Pond. However, hydrologic and
hydraulic information dating from the ownership by the
Lamprey River Improvement Company to the present ownership
by the NHWRB, were found and assessed to determine their
acceptability in evaluating the overtopplng potential of
Drown's Dam. _

Drown's Dam is classified as being intermediate in size
having a maximum storage capacity of 11,700 acre-feet.

To determine the hazard classification for Drown's Dam, the
impact of failure of the dam at maximum pocl was assessed
using Guidance for Estimating Downstream Dam Failure Hydro-
graphs issued by the Corps of Engineers. The analysis
covered the reach extending from the dam to Nottingham
Center, a distance of about 3 miles along the North River.
Failure of Drown's Dam at maximum pool would probably result
in an increase in stage of 7.5 feet along the reach. An
increase in water depth of this magnitude would procbably
result in the loss of less than 10 lives, possibly none,

the severance of a town road about 1,000 feet downstream

of the dam and a private driveway about 2,500 feet downstream.
Innundation of the school playground at Nottingham Center
might occur; little other property damage is likely.

As a result of the analysis described above, Drown's Dam

was classified - Significant Hazard. Using OCE Recommended
Guidelines for Safety Inspection of Dams, the recommended
spiillway test flood is the Probable Maximum Flood. The test
flood discharge for Pawtuckaway Pond, having a drainage area
of 20.66 sguare miles, was determined to be 11,200 cfs. :

b. Experience Data. No information regarding past
overtopping of the structure was disclosed.

¢. Visual Observations. No visual evidence was
disclosed that would indicate that the dam has ever been
overtopped Debris may partially obstruct the spillway
opening and cause a reduction in the capac1ty of the
spillway during a flood occurrence.

‘12



d. Overtopping Potential. Drown's Dam in conjunction
with Gove Dike and Dolloff Dam, is unable to pass the test
flood (PMF) without overtopping. The spillway capacity of
Drown's Dam is only about 9 percent ¢f the test flood discharge.

The water depth over the lowest point of the structure was
calculated to be 1.7 feet for this flood.

13



SECTIOCN 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observation.

{l1l) Embankment. Visual obsgervation indicated two
problems relating to structural stability: (a) leakage
through the plug at the old penstock cpening through the
dam, and (b) seepage through and/or under the dam. The
hairline cracks in the concrete facing on the upstream
wall of the dam are of minor significance in their present
condition, but could lead to future problems if they are
not repaired.

{(2) Appurtenant Structures. The hairline cracks and
minor spalling in the buttress walls at the stoplog spillway
and the rusting of the service bridge are of minor
significance in their present condition, but could lead
to future problems if they are not repaired or corrected.

L. Design and Construction Data. A report dated
December 5, 1918, shows a cross-section sketch of the dam
that was copied from a report prepared in 1889. (See Appendix
B.) Present field inspection confirms the wvisible information
of the sketch. No other design and construction data pertinent
to the structural stability were disclosed.

c. Operating Records. No operating records pertinent
to the structural stability were disclosed.

d. Post-Construction Changes. The original upstream
dry masonry wall was faced with concrete in 1946, 1964, and
1972. The present stoplog and overflow spillway was
reconstructed in 1964,

e, Seismic¢ Stability. This dam is in Seismic Zone 2
and hence does not have to be evaluated for seismic
stability according to the QOCE Recommended Guidelines,

14



SECTION 7
ASSESSMENT, RECOMMENDATIONS & REMEDIAL MEASURES

7.1 Dam Assessment

a. Conditioh. The visual inspection indicates that
Drown's Dam is in fair condition. The major concerns that
may affect the overall long-term integrity of the dam are
as follows:

(1) overtopping potential,

(2) seepage at the toe of the dam in the vicinity of
the plugged opening of the former penstock, and

(3) leakage through the penstock itself.

Because Drown's Dam is an integral part of the Pawtuckaway
Pond impoundment system that includes Gove Dike and Dolloff
Dam, its relationship to the test flood requires hydrologic
and hydraulic analyses of all three structures. The
spillway capacity of the combined system is considered
inadequate. {See Dolloff Dam report.)

Assuming that Gove Dike and Dolloff Dam do not fail, Drown's
Dam would be overtopped by 1.7 feet under conditions of the
test flood. This depth of overtopping takes into considera-
tion the fact that the emergency spillway at Drown's Dam is
only slightly higher than the low ground adjacent to the

left abutment at Dollcff Dam and about one foot lower than
Gove Dike. Drown's Dam, however, has stood the test of time-
at least 136 years.

b. Adequacy of Information. The information available
is such that the assessment of the condition of the dam must
be based on the visual inspection.

¢. Urgency. The recommendations enumerated in 7.2
below should be implemented within two years. The
operational and maintenance procedures in 7.3 below should
be implemented within one year.

d. Necessity for Additional Investigation. The
information available from the visual inspection is adequate
to identify the potential problems of overtopping, seepage,
and leakage through the penstock plug. These problems
require the attention of a competent engineer to design or
specify remedial measures to rectify the problems; if left

15



unattended, they could lead to instability of the structure.

7.2 Recommendations

It is recommended that NHWRB should accomplish the remedial
measures resulting from the following:

a. Evaluate further the potential for overtopping
and the inadequacy of the spillway for the total impoundment
system of Pawtuckaway Pond.

b. Design the remedial measures needed to eliminate
or control the seepage at the downstream toe and the leakage
‘through the penstock.

¢. Specify the repairs to seal the cracks in the
concrete facings,

7.3 Remedial Measures

a, Alternatives. The NHWRB should consider as an
alternative pending implementation and results of the
recommendations above that the reservoir be operated at a
lower level during the year so as to provide more storage
for extreme flood events.

b. Operation and Maintenance Procedures,

(1) Monitor seepage and leakage at the dam on a
weekly basis.

(2) Remove the existing debris in the spillway, apron,
and immediate downstream channel and clear the brush and
trees about 50 feet downstream of the dam.

(3} Repair the cracks and spalling in the concrete
buttress walls of the stoplog spillway and provide a
corrosion-resistant coating on the service bridge.

(4) Establish a surveillance and warning program to
follow in the event of floodflow conditions or imminent dam
failure. The warning system should be included also in
the written procedures of "Project Linkup", a.disaster plan
involving Civil Defense (as coordinator) state agencies,
and town officials. "Project Linkup", at this time, is
in draft form awaiting the Governor's approval.
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APPENDIX A

CHECK LIST -~ VISUAL INSPECTION



. VISUAL INSPECTION CHECKLIST
PARTY ORGANIZATION

PROJECT Drown's Dam, New Hampshire DATE_ May 30, 1978

TIME 9:45 A.M,

WEATHER Sunny,  hot

W-S. E]-E\r. 250.1 Uasu 240DNGS‘

PARTY:
1. Warren Guinan 6.
2. Robert Langen 7.
3.__Stephen Gilman 8.
4, Ronald Hirschfeld 9.
5. 10,
PROJECT FEATURE INSFECTED BY REMARKS
1. Hydraulic/Hydrologic R.C. _Langen
2. Structural Stability S. Gilman
3. Soils and Geoiogy ‘ R. Hirschfeld
L,
5e
6.
Te
8,
9.




——

PERIODIC INSPECTION CHRECK LIST

May 30, 1978

PROJECT Drown's Dam, New Hampshire DATYE

PROJECT FEATURE Main Dam Embankment NAME

DISCIPLINE NAME

AREA EVALUATED CONDITIONS

DAM_EMBANKMENT S
Cregt Eleéyation 255 MSL
Current Pool Elevation | Gage reading 25.1 (250.1 MSL)

{(assumed) :

Maximum Impoundment to Date Unknown

Surface Cracks
Pavement Condition
~ Movement or Settlement of Crest
lateral Movement
Yertical Alignment
Horizental Aligament

Condition at Abutment and at Concrete
Structures

Indications of Movement of Structural
Items on Slopes

Trespassing on Slopes

§loughing or Erosion of Slopes or
Abptmente

chﬁ Slope Protection - Riprap Failures

Jpusual Movement or Cracking at or
. pepy Toes

Unusual Embankment or Downstream
Geepage

Piping or Beils
Foundetion Drainage Features

Toe Drains

None visible; crest if grass-cover:

Not paved

None at concrete wall on upstream
side. Apparent uneven settlement
of dry masonry wall on downstream
side,. '

None

Good

Good
Good

None

None

None

N.A.

None

Seepage of 1 to 2 cfs at downstrear
toe near west end of dam

None
None known

None known

Instrumentation System

None known
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PERIODIC INSPECTION CHBECK LIOT

PROJECT Drown's Dam, New Hampshire

DATE _ May 30, 1978

PROJECT FEATURE West Dike NAME
DISCIPLINE NAME
AREA EVALUATED CONDITION
DIKE EMBANKMENT
Crest Elevation 253.5 MSL

Current Pool Elevation

Maximum Impoundment to Date
Surface Cracks

Pavement Condition

Movement or Settlement of Crest
Lateral Movement

Vertical Alignment

Horizontal Alignment

Condition at Abutment and at Concrete
Structures

Indications of Movement of Structursl
Ttems on Slopes

Trespassing on Slopes

Slouyghing or Erosion of Slopes or
Abutments

Rock Slope Protection ~ Riprap
Failures

Unusual Movement or Cracking at or
near Toes

Unusual Embankment or Downstream
Seepage
Piping or Beils

Foundetion Drainage Featyres
Toe Drains

anstrumenvaiion System

250.1 MSL (assumed)
Unknown

None

Not paved

None

None

Good

Good

Good
None

None

None
Riprap on downstream slope
None

None-no water against upstream side
of dike

None~no water against upstream side
of dike
None

None




PERIODIC INZT7°T72N CHECK LIST

PROJECT Drown's Dam, New Hampshire DATE__ May 30, 1978

DISCIPLINE - NAME
AREA EVALUATED CONDITION

DIKE EMBANKMENT

Crest Elevation ‘ : | - 233.1 MSL
Current Pool Elevation 250.1 MsL
Maximur Impéu.ndmeht to Date Unknown
Surface Cx_‘acks A | None
Pavement Conditioﬁ | Not paved
Movement or Settiement of (rest | None
lateral Movement ' 1 None
Vertical Alignment - | Good
Horizontel Alignment | Gooa

Condition at Abutment and at Concrete Good
Structures

Indications of Movement of Structural [ None
Items on Slopes

Trespaésing on Slopes None
Sloughing or Erosion of Slopes or None
Abutments

Rock Slope Protection ~ Riprap FailureLp Riprap on upstream face .

Unusual Movement or Cracking at or None
near Toes
Unusual Embankment or Downstream None-no water against upstream
Seepage side of dike ' '
Piping or Botls None-no water against upstream
side of dike
Foundation Drainage Features None
Toe Drains NOne

& . P 1 - ~
Tashrorerigyuion Syssem




- FERIODIC INSPLCTION CHECK LIST

PROJECT

Drown's Dam, New Hampshire

PROJECT FEATURE Control Tower

DISCIPLINE

DATE May 30, 1978

NAMT

NAME

AREA EVALUATED

CONDITION

QUTLET WORKS - CONTROL TOWER

a. Concrete and Structural
General Condition
Condition of Joints
Spalling
Visible Reinforecing
Rusting'or Steining of Concrete
Any Seepage or Efflorescence
Joint Alignﬁenﬁ

Unusual Seepage or Leaks in (Gate
Chamber

Cracks

Rusting or Corrosion of Steel
b, Mechanical an& Electrical

Air Vents

Float Wells

Crane Hoist

Blevator

Hydraulic System

Service Gates

Emergency Gates

Lightning Protection System

Emergency Power System

Aoa -
Al SR Sedhlthe

Good'
Good
Cne 6" x 6" mechanical spall
None
Little one, 8" x 16" area on

right spillway sidewall
None visible

Good

None visgible

Two hairline cracks
None visible

None




PERIODIC INSPECTION CHECK LIST

PROJECT Drown's Dam, New Hampshire DATE May .30, 1978 .

FROJECT FEATURE Stoplog Outlet

NAME

DISCIPLINE

NAME

AREA EVALUATED

CONDITION

OUTLET WORKS. - . INTAKE CHANNEL AND
INTAKE STRUCTURE

a, Approach Channel
Slope Conditions
Bottom Conditions
Rock Slides or Falls
1og Boom
Debris
Condition of Concrete Lining
Drains or Weep Holes
b, . Intake Structure
Condition of Concrete

Stop logs and Slots

LOW~LEVEL

N.A. Low-level outlet is incorpor
into overflow spillway of dam.

Good

Visible portion of slots in good
condition. Stoplogs not visible
because of overflow.




PERIODIC INSTPECTICON CHECK LIST

WECT__ Drown's Dam, New Hampshire DATE Mav 30, 1978

JIECT FEATURE Cutlet Works NAME
SCIPLINE NAME
ARLA EVALUATED CONDITION

ET WORKS - TRANSTI'ION AND CONDUIT

:neral Condition of Concrete Good
a8t or Steining on Concrete None
palling None
rosion or Cavitation None
racking _ | None
lignment of Monoliths Good
lignment of Joints NCe movement

umbering of Monoliths




PERIODIC

INSDPRCTION CHECK 1167

PROJECT Drown's Dam, New Hampshire DATE May 30, 1978
PROJECT FEATURE Outlet Works NAME
DPISCIPLINE NAME

.~ AREA EVALUATED CONDITION

' OUTLET WORKS ~ OUTLET STRUCTURE AND

OUTLET CHANNEL

General Condition of Concrete
Rust or Staining
 spalling
Erosion or Cavitation
Vi#ible Reinforeing
Any Seepage or Efflorescence
ACQndition at Joints
" Drein holes
-Channel

Loose Rock or Trees Overhanging
Channel

Condition of Discharge Channel

Good; concrete surfaces rough
None .

None

None

None

None

None

None

Some brush overhanging channel
Some trees adjacent to channel

Some logs in channel. Channel
bottom appears. to be bedrock
immediately downstream of dam.
Further downstream, channel
bottom consists of sand,gravel,
cobbles and boulders.




PERIODIC INSPRCTION CHECK LIST

PROJECT Drown's Dam, New Hampshire - DATE May 30, 1978
PROJECT FEATURE Service Bridge ) NAME
DISCIPLINE ‘ NAME

AREA EVALUATED S CONDITION

OUTIET WORKS -~ SERVICE BRIDGE

a. Super Structure

Bearings _ Channels embedded in concrete

Anchor Bolts None
Bridge Seat

Longltudinel Members Steel channels - rusting

nder Side of Deck

Secondary Bracing Not applicable
Deck Steel grating - rusting, some loss
of steel '

Drainage System

Railings _ Welded steel-good condition

Expansion Joints None

Paint ' Deteriorating—-rust showing thru
paint

b. Abutment & Piers

General Condition of Concrete Good
Alignment of Abutment Good
Approach to Bridge Good

Condition of Seat & Backwall




PERIODIC INSHECTION CHMCK LIST

PROJECT

Drown's Dam, New Hampshire

DATE May 30, 1978

PROJECT FEATURE

Spillway Weir

NAME

NAME

DIGCTFLINE

AREA EVALUATED

CONDTTION

OUTLET WORKS - SPILIWAY WEIR, APPROACH

AND DISCHARGE CHANNELS

a, Approach Channel
General Condition.
Loose Rock Overhanging Channel I
Trees Overhanging Channel
Floor of Approach Channel

b, Weir and Training Walls
General Condition of Conérete
Rust or Staining
Spelling
Any Visible Reinforcing
Any Seepage or Efflorescence
Drain Holes |

¢. Discherge Channel
General Condition
Loose Rock Overhanging Channel
Trees Overhanging Channel
Floor of Channel

QOther Obstructions

N.A. Spillway weir is incorporated
into face of dam near east abutment

Good-Surface erosion limited to los
of surface laitance.

None wvisible

None visible
None

None

N.A.

Good

None

Some brush and - -trees

Appears to be bedrock immediately
dowvnstream of the spillway. Furthe
downstream channel bottom consists

of sand, gravel, cobbles and boulde

Some logs in channel
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PROJECT Drown's Dam, New Hampshire DATE May 30, 1978

PROJECT FEATURE Resgervoir NAME R. Langen

Pawtuckaway Pond

AREA EVALUATED REMARKS
Stability of Shoreline ' Good
Sedimentation Mincr, no visible problems
Changes in Watershed Minor
Runoff Potential
Upstream Hazards Several homes, most are at least
_ 6' above lake.
Downstream Hazards Town road about % mile downstreanm.

Nearest village is Nottingham Center,

$1iti about 3 miles downstream.
Alert Facilitiles None observed

Hydrometecrological Gages None observed

Operational & Maintenance

Regulations None posted
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APPENDIX B

INSPECTION REPORTS/SKETCHES
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PAATUCKRAUAY AND .ENDUM FONDS

R¥PORT FEOM H, 7. DUNHAN
t6
D. A. BELDZE, PRESIDEN

LAPREY RIVER ILFROVEIENT COMPANY

+

December 5, 1918



H. F.OUNHANW
HKSTR SUILTINE
4% AROADWAY. NEW TORK

[ . . W, Av. o, C. L,
a CHMARE, J1OP CONTLANDT M. CAEARLARD LRgikktRing 01NV

December 5, 1918,
Mr. D. A. Belden, Procident,
- Lamprey Rivar Improver'ent Compe.ny,
Haverhill, Kass.
Deay Siri- N

Agreeably to your request, I have made a study of
conéitions pertaining to the two artificial reservoirs owned
by your compsny, known es Pawtuckeway Lske and Nendum Pond,
both of which are in the towns of Wottingham and Barrxington,
Few H&mpghire. I heve kept in view your desire to be informed
concerning the type of comstruction and present condition of
the various;dama, spiliweye and controlling apfaratns and
particularly as to eny defects which should be remedied in the
interest of public safety to 1life and property. -

1. The reservoirs are within the drainage area
frihutary to the Lamprey River ten to fifteen miles westerly
from Hewﬁarket, R;,K. The ares tributary to each reservolr is
not definitely known but has been estimated at about six sqguere
miles for the lendum Reeervoir and twentylsquare miles for the
Pawtuckswey. lore axact determinztion would have been made dut
for the feet that the U. S. Geological Survey is now plotting
thg notes of a quedraengle covering the reservoirs and their
dreinage dietriots., Both of the réservoirs are formed by dsms
built et the outlets of these smell lekes and at overflbw pointa
where the higher elevation of water would cause & discharge into

& depression or revine at a distant peint. There are three dems

et Pevtuckeway as attached map shows, known locally as "Dollof
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Dam", "Drown's Dam™, and the "Gove Dam" indiceted on the map
respectively as Dams Ho. 1, 2 and 3. At Fendum's Fond there
jg but one dam, located at the main outlet end lying partly
ih the town of Barrington and partly in the town of Nottingham;,_

hereinafter referred to as the"Kendum Dam". ‘ The dems were

designed and built very nesrly as they are at the present time .

in or between the years 1839 and 1842.
Type of Dams.

2. In a comprehensive work on "Reservoirs for Irri-
gation Water Power and Water Supply”, published in 1900, lr.
James D. Schuyler, M. Am. Soc. C. E., devotes some seventy-
five pages to rock—fill dams, His discussion in part followé&f

"Rock-£111 doms mey be said to have originated forty '
or fifty yesrs ego in the mining districts of Celi-
fornig.sseess.in difficult and slmost Inaccessible
locetions.c.....2nd were coneldered to be of a tem- S
porary neture......%hey began with timter or leg cridbs ..
filled with loose stone. Their next stage wes an
epbenktment of loose stone, a portion of which wes
1aid up es a dry well with e fecing of two or more
thicknesses of plenz to secure weter tightness. The
latter type hes proven so serviceable that it is still
regsrdedas one of the most deairsble classes of dam
that can be built where economy is of prime importance. "
Then follows an cutline descrigption of six €ypes of rock- - -
£111 dems--including these two.

"o, Rock-fill dams with & central core of steel plates
ard without hand-leid fecing wells." '

"4, Rock-£ill dems with facing of masonry built ver-
. tieslly bscked witk earth anéd covered on the lower side
%ith blocks of stone laid in mortar."
lNow 8ll of these reservoir deme under consideration on the
Lamprey woter sted are rock-fill dams and not only were they

built long before thé mining days in California but they

. B=7 . '
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possess permanent features, in the broad puddled clay-and-
ér&vel core; and heavy retaining wallse, superior to any of

those described by Mr. Schuyler. Nore information about the
design, the designer snd the'degreg of originelity in the
conatruction of these dams would be very interesting. It

is quite pﬁssible that the "type" had its origin in those
afructures. The damé have caused gome anxiety at different
dates snd changes have been recomnended end some heve been
made.at dates that show the éxistence of feulty work elsewhere
rather thaﬁ in ‘the dams themsel?esf Soon after the Mill river
disgster in Nessechusetts, in 1874, msnd egein after the Johns~
town flood in 1889, studies were made and the core walls in.

gome placeg reinforoed. In the ﬁriter 8 opinion there has not
"been a moment since the dems were built that they were unsafe-- .
except from overtopping in some delugeiﬁco severe for t%c cpill~

ways to accomodate. It is of eye witness record that the water
hes been withkin sn estimated "two feet?” of the top of the Mendun
dam end send bags have been used on the Pawtuckeway dem Ho 1 on
the water fece well to divert the fldod to the spillway. This
should not have been necessary.

| Pawtuckewey - Dams Ho. 1, 2 and 3.
3. The dems leak a little. It may be said that &1l

core wall dams do leak. Personal observations for more than

two years, and at maeny different stages of water in the Pawtuck-
avay reservolr heve been recorded, and the leaks in the main
Dem (Ko. 1) meesured in a channel constructed for that purpose.
The main end waste gates do not cloge perfectly, dut well enough

for all reservoir purposes. Some water escapes at the gateg--

e
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some through the dam itself--but all that comes through the core
wall is always perfectly clear, and a recent measurgﬁ?nt,-‘
November 18,~ when the gonrface of the water ip the resérvoir:was
two and eight tenths feet below the spillway,zives a gbéd idea of
presenp conditions. The total volume discharged wes four and
eight tenths second feet, of which it was estimated one half
leaked through the gates, or reached the strecm in the quarter
of a mike between the dem and the measuring channei. The leakage
is nearly the sams in volume ffom eech helf of the dem as msy de
observed where it flows laterslly along thg‘ buttressed lower
slopes of the dam t; the main gateway, the g;des of which are
walled up verticallé from the creek bed. The volume discharged
is not large considering the extent of the core'wall and the
pressure ta which it is subjected. A recently exumined earth end
ébfé'wall dem, builtlover fdrty years ago in zncther Stéte, could
well be cited here. The dam was more than a fourth of a mile
long end ebout thirty-five feet high. From the firet there was
léakage. More materisl wes added at the foot of the water slope.
Able engineers were called and accurzte gaging kept for meny yeers
and recorded in annual reports. Following one of these is the

comment , -

"The only veristion in the discharge from the weirs appears
to be due to changes in the weather.”

Ine seme statement would doubtless hold good at the Pawtucksway

and Neridum reservoirs were they accurately gaged. (%he eerly

water supply for London, Englend, wes fronm springs that wers care:-'-
fully gaged as the demand increased. Then it wes obrerved "that

the discharge wos greater befors than it was after a rain storm.
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Their records were virtually Sarome§er readings. )
Gate Repairs,

4. The main getes st the Mendum reserveoir set in a wood
from hed suffered from decay maﬁihg it difficult %o fix upon a
satisfactory estimate of leakage. Rocky creek-bed cpnditions
below the dam interposed further difficulties. Bat nothing serious
' was observed. The gates end gate frames have Just been renewed as
you directed, necessafy pointing in their-vicinity attended to
and the reservoir is now filling. T

Report by Mr. W. M, Oliver, Go E.

5. In the year 1889 Nr, Oliver made a very comprehen-
give and valgable report upon all of these dems for the Newmariet
Manufacturi§g Company, and this report with msps, sketches and
figures is now in ybur prsessién. The maps‘and cross sections
heve been checked up carefully'and found to be surprisingly
'accufaté. This includes restored base-line meagurements and
distances to feces of wslls. Also deep excévationa were made at
Mendum's to show that his cross sections were religble. The more
essentisl sections have éeen copied freely and sre shown in the
.1nk prints attaeched hereto with well deserved credit to Mr.
Cliver in each case. ‘

Recommendations. ‘

6. At Pawtuckaway Dam No. 1 the main gate is at the
original level of the stream and is about twenty inches by fifty
inches (20" x 50"). It is reised by a wood stem with nut and -
screw. The stem and timber support within the gate house should
be renewed st no distent date. Between this gate and the spillw#y
there are itwo waste gates each three feet by three feet {3' x 3')

..5..
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with stems bf wood and ratchet connections. These gates are
evidently of later construcfion and are backed up by brick work
and two or three braces of woad extending to the solid ledge
below the dam where the ends arérholted dpwn. It would be simple
and good construction to sprirg & brick arch between'the vertical
stone walls to hold the gate frames In place. It is within reason
to think that the brick work and draces were placed esthey are
s0 thaet under certain pressurss due to flood conditions, and
perheps with 2 1ittle help, the wholes construction, brick work,
gafea and ticbers would be swept out of the way, much increasing
spillway capacity. Buf whether that inference be corrsct or not,
there cun be 'no apparent harmrin leaving the structure in its
present condition or in replacing the wood braces when that
becomes necessary. 7

. At the Drown DPam (No.2) there are stop plenks reteined
by timber braces more or less decayed. Renewzls should be made
as time may require:_ But all of the Pawtuckaway spillways real
and imaginery, taken together, are insgfficient for a drainage .
area of twenty (20) square miles. This can be shown conclusive-
iy by precipltetion records persénally witnessed where the annual
totals are below those of southern New Hampshire. To provids
more ample splilliway capacity the Gove Dam {Ho;s) should be loﬁefed
or reduced in elevetion ;bout three feet over a length of twg. |
bundred 'and fifty feet in fwo sections of one hundred end ﬁwéhty—
five feet each as showh in Fig. 1 in the lsst sheet hereto at-
tached. 7This will afford in sddition to the other spiliways s
free flow for a great volume of water whenever the necessity-

arises. That may not be once in a century.

- : -
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Mendum's,
"At the lMendum reservoir there is less need to maﬁe changes.

The bottom of the present spillway should be brought to a uniform
lavel end ell growth of small trees and obstacles of all descrip-
tionz, driftwocd, old stumps, etec. should be removed snd the entire
gpace kept clesr. Ona further regomnendation needs attention at
your convenience. The upstream wall at Menqﬁm's is of veryllérge
rough stone, boulders for the mqst part, end at two or three places
these have cracked under the pressure which has_been.concentrated
at verious points by the removal, through frost action in nearly a
hundred years, of many of the smaller stones used in constructibh
to level up and give added bearing surface. Lest month many restbra-
tions to_early conditions were mede by replacement without moftar, |
but with much work and careful attention to stréngthening the wall,

Theie are.however three places where steel tie-rods should be intro-
duced at & depth of about eight feet from thé_surface to check
further outwaré movement at points where the overhang or bdulging
anount to 12 or 14 1n§hes. The tie-rods should be hot less than
2% inches in diameter with upset ends and prqvided wifh washers or
ciaba 3 or 4 feet in dismeter. The location of the rods an& a
section is shovm in Pig. 2 on the last sheet attached to this report,
The rods should be free from rust bedded and packed in fine gravel
concrete in proportions 1, 2, 3. Very little need be used. Thé
oxposed pérts should be veinted, Then with genersl supervision and
economic control the reservoirs should continue for a long time to
give good service withbut causing you any anxiety or‘disquiet;

Yours truly,

H.ED/R. A

] - I
/.o./ /-’,.-'._.__/;_'{ﬁ,’./,
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CORPS OF ENGINEERS
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DROWNS DAM
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Figure 2 - View of the upstream face of Drown's
Dam taken from the west bank.

Figure 3 - Looking southeast along the center
of the dam from the northwest abut-

ment.



Figure 4 - Looking northwest at the downstream
face of the dam.

Figure 5 - Looking northeast at the emergency
spillway located at the northwest
end of the dam.



Figure 6 - Looking at the downstream face of the
dam. Note the 48 inch penstock, par-
tially filled with rubble and concrete,
and the seepage coming from this area.
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Figure 7 - Seepage at the downstream toe of the dam
about 80 feet from the northwest abutment.

Note the tree stump near the top of the
dam at the right edge of the photo.

c~-3



Figure 8 - Looking west at the upstream face of
the east dike.

Figure 9 - View looking north along the down-
stream face of the west dike.



Looking upsteam at the overflow
spillways and the narrow stoplog
spillway.

Figure 10 -

- Looking upstream at Pawtuckaway
Pond from the center of Drown's Dam.

Figure 11



Figure 12 - Looking at the channel downstream of
the spillways from the service bridge.
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